Abstract: Sepsis and septic shock constitute a complex disease condition that requires the engagement of several medical specialties. A great number of patients with this disease are constantly admitted to the emergency department, which warrants the need for emergency physicians to lead in the recognition and early management of septic patients. Timely and appropriate interventions may help reduce mortality in a disease with an unacceptably high mortality rate. Poor control of cellular hypoperfusion is one of the most influential mechanisms contributing to the high mortality rate in these patients. This article aims to make an evidence-based approach and an algorithm for the active identification of hypoperfusion in patients with suspicion of severe infection, based on both clinical variables (capillary refill, mottling index, left ventricular function by ultrasound, temperature gradient, etc.) and laboratory-measured variables (lactate, central venous oxygen saturation [ScvO 2 ], and venous-to-arterial carbon dioxide tension difference [P (v−a) CO 2 ]). Such variables are feasible to use in the emergency department and would help to explain the cause behind the inadequate oxygen use by cells, thereby guiding treatment at the macrovascular, microvascular, or cellular level.
Introduction
Sepsis is considered a medical emergency. In this sense, the emergency department is responsible for not only identifying this condition but also for appropriately treating patients with the disease. Despite multiple clinical trials and scientific advances in the treatment of sepsis, the mortality rate of this disease continues to be excessively high. In some trials, it ranges between 18% 1,2 and 55.7%. 3 This mortality difference can be explained by our limited understanding of the disease and the specific and appropriate therapies that are available.
The therapeutic management of septic patients rests on three fundamental pillars. The first pillar involves the medical and/or surgical control of the triggering infection; the second one encompasses supportive therapy for the patient; and the third one is the immunomodulation therapy. Effective intervention in each of these pillars would be expected to reduce the mortality rate. Septic patients may present to the emergency department at various stages of the disease. Some may appear more ill than others; however, they all share the same problem, which is triggered by a variable response to the infectious disease: cellular hypoperfusion. If the patient with sepsis-induced cellular hypoperfusion is not promptly recognized, the outcome will most likely be negative.
The purpose of this review is to propose a practical approach to identify the septic patient with cellular hypoperfusion in the emergency department, and thereby to be able to initiate an early intervention to reduce the mortality rate of this condition.
In the early stages of sepsis, the inflammatory response to the infection produces multiple cytokines that cause the microcirculation to deteriorate. 4 The microcirculatory dysfunction may alter the circulatory flow distribution and even stop it, as has been observed in various biological models. 5 This microcirculatory dysfunction may affect oxygen perfusion to the cell, and its persistence is associated with increased mortality. 6, 7 The patient with microcirculation disturbance is not able to achieve an oxygen demand-supply balance, leading to inadequate oxygen use by the cell -a condition known as cellular hypoperfusion. Despite the mechanisms of compensation, such as anaerobic energy production, hypoperfusion may induce cell, tissue, and organ failure that will trigger death. In the emergency department, the diagnostic challenge revolves around prompt identification of the patient with acute microcirculatory compromise before it becomes irreversible.
Developing an algorithm
In the emergency department, the physician must be meticulous, methodical, and quick at the same time, given the busy nature of the overcrowded service. Consequently, when confronted with a septic patient, we suggest the use of an algorithm that will allow for a prompt and quick evaluation of the perfusion state on different levels, examining variables from "highest to lowest" in terms of macrocirculation, microcirculation, and the cell.
Macrovascular aspects
Macrovascular variables refer to the visible or clinically measurable aspects, such as capillary refill, temperature, skin mottling, left ventricular function, mental state, heart rate, blood pressure, and urinary output (Table 1) .
Through the three known "windows" of the human body, perfusion may be assessed 8 (kidney "window": urinary output; brain "window": consciousness; and skin "window": capillary flow), and advanced hypoperfusion states may be detected when physiological compensatory mechanisms are being overwhelmed; nevertheless, in early states, the applicability of these "windows" is less clear. For instance, skin mottling may reflect a state of peripheral vasoconstriction -a clinical manifestation of hypoperfusion. 9 Based on this, a "mottling score" ranging from 0 to 5 points has been introduced (Table 2) . 10 In a setting of only 60 patients, it showed an association with high mortality within 14 days in septic patients. Similarly, patients whose mottling score decreased following initial resuscitation showed an improved prognosis of death within 14 days -from 77% to 12%. 10 Capillary refill is the time taken for the color to return to an external capillary bed after pressure is applied to cause blanching. In a case series of 50 patients, the capillary refill time (CRT) was measured on the fingertip and the knee area, proving to be significantly longer in the patient group that experienced death because of septic shock. It was even observed that a knee CRT >4.9 seconds was a predictor of 14-day mortality with a sensitivity of 82% (95% CI 90-95%) and a specificity of 84% (95% CI 68-94%).
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In another study involving patients with sepsis and hyperlactatemia, scientists found that a prolonged capillary refill was associated with an increased risk of adverse outcomes (88% vs 20%; RR 4.4 [2.7-7.4] ) and in-hospital mortality (63% vs 9%; RR 6.7 [2.9-16] ). Moreover, the study revealed that CRT-normal patients required less mechanical ventilation, renal replacement therapy, and admission to the intensive care unit. 12 Temperature may serve as another marker of cellular perfusion, because patients with lower skin temperature show The percentage distance shortening of the endocardium along its length is known as the left ventricular strain, and it is a measure of cardiac ejection fraction. Left ventricular strain may provide information about myocardial function and detect cardiac disturbances early as the cause or consequence of cellular hypoperfusion. 9 In a recent study involving 89 patients, scientists found that patients reporting severe abnormalities in the left ventricular longitudinal strain had a lower ScvO 2 (56.1% vs 67.5%, P<0.01) and higher lactate level (2.7 vs 1.9 mmol/dL, P=0.04). 16 In the emergency department, it is possible to undertake these calculations; however, ultrasound training is required and, because the measurement is dependent on the observer's experience, inaccurate results may be obtained.
Some vital signs, such as heart rate, blood pressure, and respiratory rate, may yield abnormal values as a manifestation of cellular hypoperfusion, showing a physiological compensatory mechanism. However, these abnormal values may result from the derangement leading to this hypoperfusion. Such is the case, for example, when a patient with hypoperfusion has tachycardia. The high rate may be a compensatory mechanism by which the heart tries to increase its cardiac output, or it may be limiting cardiac refill and causing hypoperfusion.
Similarly, low blood pressure can be the cause of cellular hypoperfusion in patients with low cardiac output and a decreased microvascular flow; however, it can result from cellular dysfunction of the cardiovascular system.
Emergency physicians should know how to interpret vital signs in critically ill patients because abnormalities may occur not only because of hypoperfusion, but also as a result of damaged microcirculation.
In a retrospective study involving 50 patients, it was found that the Shock Index (a measurement of the relationship between the heart rate and the systolic blood pressure) taken after 2 hours of admission to the emergency department was associated with an in-hospital mortality rate -having a sensitivity of 80.8%, specificity of 79.2%, and AUC value of 0.8894 (95% CI 0.8052-0.9736) at a cutoff point greater than or equal to 1.0. 17 
Microvascular aspects
The microcirculation comprises blood vessels of less than 100 µm (arterioles, capillaries, and venules). 5 The maximum tissue oxygen delivery occurs in this microvascular space, in which various specialized cells -endothelial, smooth muscle, red and white blood cells, and platelets -may be found. Among these, endothelial cells play a key role in regulating microcirculation, because they mediate thrombosis and fibrinolysis, leukocyte adhesion and migration, vasomotor tone, exchange of nutrients and other cells, and capillary permeability and recruitment.
Under normal physiological conditions, nitric oxide plays a crucial role in distributing the microvascular flow to meet the metabolic needs of tissues. Failure in nitric oxide mechanisms constitutes an important cause of perfusion alterations in septic patients. 18 Other endothelial cell alterations in septic patients include glycocalyx degradation and deformability of blood cells. 5 These alterations, among others, are the cause of cellular hypoperfusion -that is, inadequate oxygen use leading to organic dysfunction and death. 
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In order to promptly identify patients with hypoperfusion before macrocirculation alterations become clinically evident, some variables can be measured, including arterial, capillary, or venous lactate levels, ScvO 2 , venous-to-arterial carbon dioxide tension difference (P [v−a] CO 2 ), tissue oxygen saturation, and near-infrared spectroscopy (NIRS). In the emergency department, there is a need for readily reproducible variables that do not require complex measurement equipment (Table 3) .
Lactate is the product of anaerobic glycolysis. It increases in states of cellular hypoxia and is, therefore, used as a perfusion marker. 19 However, lactate elevation occurs in accelerated aerobic glycolysis as a stress response. 20, 21 Thus, high lactate levels may originate both from a state of hypoxia/ hypoperfusion and aerobic glycolysis, making laboratory results difficult to interpret for the emergency physician.
Increased lactate values are not always due to cellular hypoxia/hypoperfusion, which is why interventions pursuing lactate clearance based on the improvement of oxygen delivery could be harmful in cases of high lactate levels secondary to an accelerated aerobic glycolysis. 22 Lactate measurement is useful in the resuscitation of septic patients in the emergency department. In a study conducted in a single hospital, median lactate values of 2.9 mmol/L had a 28-day mortality rate of 22 23 Furthermore, the clearance of lactate values may help to predict the prognosis of patients with sepsis. In a study with 111 patients conducted in the emergency department, there was an 11% decreased likelihood of mortality for every 10% in lactate clearance. Patients with a lactate clearance >10% showed a greater decrease in the APACHE II score at 72 hours and lower 60-day mortality (P=0.007). 24 Lactic acidosis may be produced by multiple processes; nevertheless, it is essential to establish whether the acidosis has a hypoxic origin. The relationship between arterial lactate and pyruvate levels may be considered in this identification, as a >10% relationship is indicative of tissue hypoxia. 25 The aforementioned studies used arterial lactate values; however, a recent study involving 79 patients revealed an area under the curve for capillary lactate of 82% (95% CI 73-91%). The best cutoff point was 2.35 mmol/L, with a sensitivity of 81% (95% CI 65-90%) and a specificity of 70% (95% CI 53-83%). 26 This could be factored in to argue in favor of the use of capillary lactate values in the future for predicting and guiding the resuscitation of septic patients in the emergency department.
The ScvO 2 is a marker of adequate oxygen delivery, 9 and a low ScvO 2 value may reflect an abnormal oxygen delivery (DO 2 ), 27 owing to a greater oxygen extraction ratio from increased oxygen consumption as a compensatory mechanism. 28 In a study including 619 septic patients, ScvO 2 values were stratified in three levels: hypoxia (<70%), normoxia (71-89%), and hyperoxia (90-100%). It was found that the mortality rate was statistically lower in the normoxia group (21%, 17-25%) as compared with the hyperoxia (40%, 29-53%) and hypoxia groups (40%, 29-53%). In the multivariate analysis, the hyperoxia group also had the highest association with mortality (OR.2.2; 95% CI 1.3-3.7). 29 Both lactate clearance and ScvO 2 improvement may be used in the resuscitation of septic patients in the emergency department. In a study involving 300 patients admitted to the emergency department with a diagnosis of sepsis, these two parameters were compared. In one group, resuscitation was guided until lactate clearance and, in the second group, resuscitation was guided until normalization of the ScvO 2 . Scientists found no difference in the treatment administered during the first 72 hours of hospitalization. A 
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invasive monitoring and treatment of septic patients in the ER total of 23% of patients who were resuscitated to the ScvO 2 normalization died (95% CI 17-30%), and 17% of patients resuscitated to lactate clearance died (95% CI 11-24%). This difference did not reach statistical significance, and there was no difference in treatment-related adverse events between both groups.
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The venous-to-arterial carbon dioxide tension difference (△PCO 2 ) is the difference between the partial pressure of CO 2 in mixed venous blood or central venous blood (PvCO 2 or PcvCO 2 ) and the partial pressure of CO 2 in arterial blood (PaCO 2 ):
(normal values 2-5 mmHg)
△PCO2 is considered a marker of the venous microvascular flow capacity to eliminate CO 2 from the peripheral tissue, 9 and biological models have confirmed these results. 31 Consequently, this measurement is not only an indirect marker of cellular hypoxia but also a marker of venous flow and cardiac output. Under normal physiological conditions, the standard value must be between 2 and 5 mmHg. An increase may indicate insufficient cardiac output to supply the metabolic needs of the body. 31 In a study with 75 septic patients, the PCO 2 gap was compared through video microscopic techniques for evaluating microcirculation, and a significant correlation was found between a high PCO 2 gap and a reduced percentage of perfused blood vessels. 32 We can, therefore, suggest the use of the PCO 2 gap as a marker of microvascular flow dysfunction because of cardiac output abnormality.
In a retrospective study with 172 septic patients, the ScvO 2 and the PCO 2 gap were combined to evaluate the prognosis and mortality of patients. The 28-day mortality was 35% in the overall population, and for patients in whom the SvcO 2 could not be improved at 6 hours, the mortality rate was 50%, as compared to a mortality rate of 29.5% in patients with an ScvO 2 >70% (P=0.009). In the patient group with ScvO 2 >70%, mortality was even lower if the PCO 2 gap was <6 mmHg, compared to a PCO 2 gap >6 (56.1% vs 16.1%; P=0.001). 33 The ScvO 2 and the PCO 2 gap may be used together not only as a marker of hypoperfusion, but also as a prognostic tool in the emergency department.
Other techniques, such as microcirculation evaluation with video microscopy or even NIRS, could be useful for determining cellular perfusion, if available in the emergency department. In a recent review, MacDonald et al proposed the use of NIRS in the emergency department because of the portable technology of the device; however, its clinical value is yet to be established. 34 
Other biomarkers Procalcitonin (PCT)
PCT is a calcitonin propeptide that is normally produced by thyroid, gastrointestinal, and pulmonary tissue. Bacterial infections, through inflammatory mediators, cause their production to increase and, in viral infections, their production is inhibited by the increase of interferon-γ. Levels begin to increase within 3-6 hours and peak at 6-22 hours with bacterial infection. With infection resolution, levels typically decrease by 50% per day. 35 Thanks to these characteristics, PCT could be used with caution to define the continuity of antibiotic therapy or even for the diagnosis of bacterial sepsis. It is not a direct index of perfusion; however, it could be used as a prognostic marker of mortality; a study compared it with other markers such as lactate and prognostic scores and found that values >15.05 ng/mL are predictors of mortality at 28 days (AUC 0.92). 36 
Troponin
Troponin is the biomarker of choice for the diagnosis of myocardial infarction; however, it may be elevated in 36-85% of patients with sepsis 37 and could be used as an indicator of associated cardiac injury. Its detection in blood is related to increased mortality 38 and could be used as a marker of cardiac hypoperfusion.
Mid-regional proadrenomedullin
Adrenomedullin (ADM) is a peptide that is produced by the adrenal medulla. ADM is produced during physiological stress such as sepsis and has various functions including vasodilation and anti-inflammatory and antimicrobial effects; 39 the circulating mid-regional proADM levels are significantly higher in patients with sepsis than in patients with systemic inflammatory response syndrome (SIRS); therefore, given that ADM is rapidly cleared from circulation, the levels of proadrenomedullin (proADM) are used as a surrogate. ADM is responsible for hypotension associated with severe sepsis, which has been proposed as a good marker for risk assessment and predicting sepsis prognosis. 40 
Angiopoietin
Angiopoietin (Ang) 1 and 2 are endothelial-derived vascular growth factors that play opposing roles during sepsis. Ang-1 stabilizes the endothelium, whereas Ang-2 facilitates loss of endothelial integrity and vascular leakage. 41 Elevated levels of circulating Ang-2 are associated with sepsis with multiorgan dysfunction, which is indicative of impaired vascular endothelial integrity. 41 Open Access Emergency Medicine 2018:10 submit your manuscript | www.dovepress.com
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Devia Jaramillo et al Direct biomarkers of endothelial damage could be of great interest during sepsis. For instance, adhesion molecules (intercellular adhesion molecule-1, vascular cell adhesion molecule-1, E-selectin, and P-selectin) can be assayed in the serum of septic patients and reflect endothelial cell activation (or endothelium disruption) and increased leukocyte-endothelial interactions. 42 
Cellular aspects
Mitochondrial dysfunction becomes a key element in the pathology and recovery of the septic process. When there is mitochondrial dysfunction, micro-and macrocirculatory improvement does not correlate with the improvement of optimal cellular perfusion. 43 Thus, evaluating the mitochondrial respiration should be an unquestionable aim. At the moment of this review, there are various methods for measuring mitochondrial oxygenation; 5, 44 nevertheless, these methods are hard to apply at the emergency department, and there is a need for noninvasive, easy-to-use techniques for these oxygenation values.
A recent study in the setting of an endotoxin-induced septic animal model evaluated the monitoring of mitochondrial oxygen pressure (MitoPO 2 ) and local mitochondrial use of oxygen by means of a protoporphyrin IX-triplet state lifetime technique (PplX-TSLT), which yielded promising results. 45 This is an initial contribution that pursues the monitoring of mitochondrial function non-invasively and one that can be performed at the bedside. Improvements in mitochondrial respiration, function, and movement should be a research target in the short term to potentially decrease the high mortality rates of septic patients.
In brief, we propose an algorithm for identifying patients with hypoperfusion in the emergency department, involving the previously described macrovascular, microvascular, and cellular aspects (Figure 1 ).
Using the algorithm
Sepsis is defined as a life-threatening organ dysfunction caused by a dysregulated host response to infection. 46 and septic shock is defined as a subset of sepsis in which the underlying circulatory and cellular metabolism abnormalities are profound enough to substantially increase mortality. 46 Interestingly, at present, emphasis is placed on organic failure as the cause of mortality due to sepsis. This organ dysfunction is secondary to the damage to the cellular perfusion secondary to the injury of the microcirculation that is caused by the inflammatory process triggered by the infection. 5 The hypoperfusion detection algorithm proposed in this article can be applied to the admission of the patient with clinical suspicion of infection to the emergency room -that is, it can be used as a complement to indices of organic dysfunction such as quickSOFA (qSOFA) or Sequential Organ Failure 
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invasive monitoring and treatment of septic patients in the ER Assessment (SOFA) in the evaluation of the patient with suspected sepsis in the emergency department.
Treating hypoperfusion
One of the fundamental pillars in the treatment of septic patients is supportive therapy -that is, interventions established to relieve the different cellular and tissue abnormalities that occur as the infectious process is controlled. There are published and specific recommendations for treating patients with septic shock; 47 nonetheless, there are other strategies based on the improvement of perfusion markers. A study involving 30 septic patients compared the "standard" therapy against clinical perfusion indices and tissue oxygen saturation therapy, revealing that this last group required less resuscitation fluid (statistically non-significant, P=0.39), and had fewer days of hospital stay (16 vs 43 days, P=0.05) as well as lower organ dysfunction scores (SOFA). 48 However, more studies are needed to recommend this treatment protocol.
Furthermore, we suggest an algorithm for treating septic patients based on the cause of hypoperfusion (Figure 2) .
The first step is to identify hypoperfusion in the patient with a suspected infection. Next, a systematic search of the cause of hypoperfusion is recommended. A derangement in the DO 2 /VO 2 relationship should be checked for in patients with suspicion of hypoperfusion. The causes of high lactate values should be addressed based on the right clinical context, as with diminished ScvO 2 due to an alteration in DO 2 . In case of derangement, the next step is to evaluate whether there is low microcirculatory flow (secondary to low cardiac output) by measuring the PCO 2 gap. If this gap is elevated, we suggest increasing the cardiac output by means of a fluid challenge guided by the tools for prediction of fluid responsiveness (passive leg raising [PLR] , collapsibility index of the inferior vena cava [IVCCI] , and pulse pressure variation [PPV] ). 49 If the patient is being mechanically ventilated, he/she should be assessed with one or more of the available tools -PLR, IVCCI, or a PPV. If the patient is not under invasive mechanical ventilation or has an arrhythmia, the method of evaluation for fluid responsiveness should involve PLR.
The PLR test consists of measuring the hemodynamic effects of leg elevation from 0° to 45° It is considered positive for a volume response when the change in cardiac output is >10% with limb elevation. 50 The IVCCI comprises of an observation of the variation of the diameter of the inferior vena cava associated with the respiratory movements, following the two-dimensional visualization of the inferior vena cava using the subcostal view of the long axis approximately 2 cm from the entrance to the right atrium. Indices >12% in patients with mechanical ventilation 51 and >39% in patients with spontaneous breathing are predictors of the volume response. 52 IVCCI (%) = 100×(eIVC − iIVC)/eIVC PPV consists of evaluating the change in pulse pressure with respiratory movements in a patient under mechanical ventilation; with a tidal volume of 6-8 mL/kg, a change >3.5% is a predictor of response to fluids and, with a tidal 
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Devia Jaramillo et al volume of 8 a 12 mL/kg, a change >12% is a predictor of fluid response. 51 In case the patient does not show signs of being fluid responsive, the next step is to evaluate blood pressure and decide whether the patient requires vasopressors to improve arterial blood pressure. Where a cardiac output abnormality is suspected and blood pressure is normal, the use of an inotrope may be beneficial. This may be further assessed with an ultrasound measurement of ventricular strain. If there is no suspicion of cardiac output alteration, the patient should be evaluated for need of oxygenation with positive pressure or hemoglobin concentration to look for anemia. It is important that the emergency physician be careful not to miss fluid overload and interstitial edema.
The last step to be considered for patients with cellular hypoperfusion is the mitochondrial-cellular dysfunction. Treatment strategies to control mitochondrial dysfunction include improving the use of oxygen, ATP generation, electron flux transport system, oxidative stress, and membrane integrity, as well as a decrease in inflammatory and apoptotic signals. 53 A fundamental aspect of mitochondrial dysfunction is oxidative stress in sepsis, from an imbalance between the production of ROS and antioxidant mechanisms. 54 Consequently, antioxidant therapy should be advantageous to balance such a mismatch. However, it should involve selective mitochondrial antioxidants, because non-selective therapy has proven to be ineffective. Selective antioxidant therapy may be administered exogenously through compounds or endogenously by promoting endogenous antioxidants. 55 All these therapies have a long way to go before becoming routine treatment options.
This review is intended to suggest managing sepsisinduced hypoperfusion based on markers within clinical parameters that are feasible to pursue in the emergency department; nevertheless, this is founded on supportive therapy. Interventions based on source control of infection or specific immunomodulation therapies, although interesting, are beyond the scope of this review.
Conclusion
Emergency physicians should lead the early identification of hypoperfusion in patients with suspicion of infection to begin appropriate interventions and thereby prevent the progression of derangement and subsequent cellular death. To this end, this review recommends the use of clinical and laboratory tools of easy access in the emergency department. Based on perfusion markers, an algorithm has been suggested that involves therapeutic interventions to establish an adequate use of cellular oxygen. The treatment of the septic patient should be tailored individually; it should encompass measures for both infection control and support, and consider immunomodulation therapy, which to date has not been completely established due to the heterogeneity of clinical trials.
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